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(54) Thermal cycling reaction apparatus and reactor therefor 



(57) A thermal cycling reaction apparatus is provid- 
ed which is useful for polymerase chain reactions or oth- 
er thermal cycling reactions. The apparatus comprises 
a reactor 2 having a reactor body 3 made of a thin heat- 
conductive plate having a cavity as a reaction chamber 
301 with the opening of the chamber sealed with a trans- 
parent heat-resistant sheet; delivery rollers 504, 505, 
506 for delivering the reactor along a delivery path and 



(FIG. 2) 



stopping it at stopping positions in a predetermined or- 
der; plural temperature-controlling blocks 6, 7, 8 having 
respectively a temperature-controlling surface 61, 71, 
81 to be brought into contact with a heat-transfer face 
of the reactor _1 and being placed at the stopping posi- 
tions separately so as not to affect thermally each other; 
and a temperature-controlling means for keeping the 
fixed temperature-controlling surfaces respectively at 
prescribed temperatures. 
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Description 

Background of the invention: 
Field of the invention: 



The present invention relates to a thermal cycling 
reaction apparatus which is useful for polymerase chain 
reactions (PCR) and other thermal cycling reactions, 
and to a reactor( reaction vessel) suitable therefor. 

Description of the Related Art: 

The PCR technique for a target DNA sequence is 
known in which a specific target gene is amplified in a 
large amount in a short time by annealing two kinds of 
primers respectively to the ends of the target DNA frag- 
ment, and repeating a template-specific DNA synthesis 
reaction with a DNA polymerase in vitro (Japanese Pat- 
ent Publications 4-67957, 4-67960, etc.). This technique 
makes it practicable to detect a DNA or a DN A-contain- 
ing microorganism existing only few in number. There- 
fore, the PCR technique is widely employed in various 
technical fields such as biochemistry, biology in a broad 
sense including genetic engineering, medical science, 
pharmacology, and agriculture. 

The PCR method, generally, is employed for ampli- 
fying a DNA from few number to a larger number by re- 
peating many times a cycle of heating and cooling e.g. 
a three-step thermal profile (raising and lowering of the 
temperature) including the first step of keeping a DNA 
having a targeted DNA sequence at a dissociation tem- 
perature (or denaturation temperature) to dissociate the 
double-stranded DNA into a single-stranded DNA; the 
second step of keeping the single-stranded DNA at an 
annealing temperature to anneal th ereto a normal-direc- 
tional primer and a reverse-directional primer; and the 
third step of keeping the reaction liquid at a temperature 
for complementary DNA synthesis to grow sequentially 
the DNA complementary to the single-stranded DNA. 

The PCR is conventionally conducted by use of a 
computer-controlled automatic temperature-cycling ap- 
paratus (a thermal cycler). In an example, an apparatus 
equipped with such a thermal cycler comprises a metal 
block which has a bath (cavity) for a holding reaction 
chamber containing therein a reaction mixture, and a 
high-temperature fluid storage vessel and a low-temper- 
ature fluid storage vessel connected to flow paths to cir- 
culate a heating fluid through the metal block. Thereby 
the temperature of the reaction mixture is automatically 
changed successively through the aforementioned 
three steps of prescribed temperatures by switching 
over the flows of the high-temperature fluid and the low- 
temperature fluid introduced into the path in the above 
metal block: for example, at 90-95°C for about 20 sec- 
onds in the first step (denaturation), at 45-60°C for about 
20 seconds in the second step (annealing), and 65-75°C 
for about 30 second in the third step (DNA synthesis). 



In another example of the thermal cycler, not for 
PCR, 100 test-tube type reaction chambers, for in- 
stance, which are hung from a rack are transferred suc- 
cessively to five thermostats holding a heating medium 
5 of different temperatures, and are dipped therein to con- 
duct a desired enzymatic reaction, enzyme deactiva- 
tion, or other enzymatic cycling reactions in the respec- 
tive thermostats (Japanese Patent Publication 
62-12986). 

to The aforementioned thermal cycler, which changes 
the temperature of the reaction mixture for the respec- 
tive steps by raising or lowering the temperature of the 
heating bath medium in the metal block by switching the 
circulation of temperature-controlling fluids, has disad- 
is vantages as follows. The simple switchover of a heating 
medium of the temperature for the one step to another 
heating medium of the temperature of the succeeding 
step, for example from 90°C for the first step to 45°C for 
the second step, results in a significantly low rate of tem- 
po perature change in comparison with the time for the in- 
tended reaction, and repetition of the cycles in many 
times requires extremely long time for the entire treat- 
ment. Further, the reaction of the first step (also of the 
second step) proceeds not only at the set temperature 
25 (90°C) but also in a temperature range of several de- 
grees centigrade around the set temperature, which 
renders it difficult to control the reaction in the prescribed 
time. In an extreme case, the reaction does not proceed 
at all, disadvantageous^. 
30 In order to change the temperature quickly for the 
subsequent step, for example in the above case, a fluid 
at a temperature of sufficiently lower than the prescribed 
temperature of the second step can be circulated to the 
bath, and later circulate a fluid corresponding to the pre- 
ss scribed temperature. In such a method, the temperature 
of the reaction mixture is liable to become lower than 
the prescribed temperature to cause so-called over- 
shooting at the end stage of cooling from 90°C to 45°C. 
This will impair the reproducibility of the reaction, and in 
40 an extreme case, the process does not proceed, disad- 
vantageous^. Moreover, this method requires addition- 
ally a thermostat, a fluid storage vessel, and piping for 
the high-temperature or low-temperature fluid, which 
renders it difficult to miniaturize the apparatus, and is 
45 not suitable for simultaneous treatment of many sam- 
ples. 

On the other hand, the latter of the aforementioned 
systems, in which test tubes hung from a rack are suc- 
cessively delivered and immersed into plural thermo- 
50 stats holding fluids of different set temperatures, re- 
quires a mechanical means for delivering and immers- 
ing the test tubes, whereby the apparatus becomes larg- 
er, and the rapid temperature changes is not readily 
achievable between the prescribed temperatures. 

55 

Summary of the Invention: 

The present invention has been achieved to over- 
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come the above disadvantages of conventional thermal 
cyclers employed in thermal cycling reactions by em- 
ploying a novel thermal cycling reaction apparatus and 
a reaction chamber suitable therefor. 

A first object of the present invention is to provide 
a thermal cycling reaction apparatus which allows rapid 
temperature changes through prescribed temperature 
steps to shorten the time of a repeated thermal cycling 
reaction, and to provide a reaction chamber therefor. 

A second object of the present invention is to pro- 
vide a thermal cycling reaction apparatus which is ca- 
pable of keeping the entire reactor at a uniform temper- 
ature and avoiding the disadvantage of non uniformity, 
in simultaneous treatment of plural samples under the 
same conditions, in the amount of the reaction product 
and the reaction progress, independently of the location 
of the reaction chambers in the reactor, and to provide 
a reactor suitable therefor. 

A third object of the present invention is to provide 
a thermal cycling reaction apparatus which is capable 
of raising or lowering the reaction liquid temperature to 
a prescribed temperature without overshooting, and en- 
ables easy control or omission of a temperature control- 
ler, and to provide a reactor suitable therefor Thereby, 
the precision of control of the temperature and time of 
reaction is improved. 

A fourth object of the present invention is to provide 
a thermal cycling reaction apparatus which can be min- 
iaturized by miniaturizing the temperature controller for 
the reaction liquid by employing a smaller amount of a 
reaction liquid sealed in a smaller chamber, and to pro- 
vide a reactor suitable therefor. 

A fifth object of the present invention is to provide 
a thermal cycling reaction apparatus for a PCR process 
which repeats many times a temperature change cycle 
comprising successive steps of keeping a reaction liquid 
at a first temperature for dissociating or denaturing a 
double-stranded DNA having a target DNA sequence 
into a single-stranded DNA; keeping it at a second tem- 
perature for bonding or annealing a normal-directional 
primer and a reverse-directional primer to the resulting 
single-stranded DNA; and keeping it at a third temper- 
ature for synthesizing another DNA sequence comple- 
mentary to the single-stranded DNA in the presence of 
a DNA polymerase, and to provide a reactor therefor. 
Thereby, the pre-heating or pre-cooling of the PCR re- 
action liquid in each step can be substantially omitted to 
shorten the overall reaction time, and the reaction can 
be allowed to proceed in a completely sealed chamber 
to avoid the PCR products and to avoid the contamina- 
tion caused from aerosol amplified DNA. 

Brief Description of the Drawings: 

Figs. 1 A to 1C show schematically a reactor of the 
present invention used for a thermal cycling reaction. 
Fig. 1 A is a plan view of the reactor, Fig. 1 B is a sectional 
view of the reactor taken along line A-A in Fig. 1 A, and 



Fig. 1C is an enlarged view of the portion B in Fig. 1B. 

Fig. 2 is a schematic sectional front view of an ex- 
ample of the thermal cycling reaction apparatus of the 
present invention employing the reactor shown in Fig. 1 . 
5 Fig. 3 is a right-hand side view of the apparatus 
shown in Fig. 2 taken along line C-C. 

Fig. 4 is a bottom end view of the apparatus shown 
in Fig. 2 taken along line D-D. 

Figs. 5A and 5B are schematic diagrams showing 
10 the successive stopping positions of the reactor in a 
thermal cycling reaction and optical measurement with 
the reaction apparatus ol Fig. 2. Fig. 5A shows the stop- 
ping positions during the cycling reaction, and Fig. 5B 
shows the stopping positions for the optical measure- 
is ment. 

Detailed Description of the Preferred Embodiment; 

The characteristics of the present invention is set 

20 forth in the claims. 

The reactor of the present invention employed for a 
thermal cycling reaction is delivered, along a delivery 
path having plural and separate temperature-controlling 
blocks fixed thereon and having respectively a fixed 

25 temperature-controlling surface of a prescribed area at 
a controlled temperature, to contact successively with 
the temperature-controlling blocks in a predetermined 
order repeatedly: the reactor comprising a reactor body 
in a shape of a thin plate, having a heat-transfer area 

30 on at least one face of the thin plate to be brought into 
face-to-face contact with the respective temperature- 
controlling surfaces, and having a cavity of a small vol- 
ume as a reaction chamber in the thickness of the thin 
plate having an opening on one face or both faces of the 

35 thin plate; and a heat-resistant sealing sheet for sealing 
the reaction chamber by covering the opening of the 
chamber. 

In the above constitution, when an optical detection 
system is employed to detect the change in the reaction 

40 liquid, the sealing sheet for the reaction chamber is pref- 
erably a transparent heat-resistant sheet to form a light- 
transmitting window. 

The aforementioned reactor may be in a shape of 
a thin plate of a heat-conductive material such as alu- 

45 minum and other metals, or may be constituted of com- 
bination of the above reactor body made of the heat- 
conduct'rve material with a delivery-assisting member 
made of a poor heat-conductive material such as nylon, 
polycarbonate, and other plastic materials. The deliv- 

50 ery-assisting member of a poor heat-conductive mate- 
rial may be combined to form a thin plate with the reactor 
body in its entirety, but is not limited thereto. The shape 
of the delivery-assisting member may be selected to 
have a shape or structure suitable for the type of the 

55 delivery means, For example, the reactor body may be 
combined with a surface of the delivery-assisting mem- 
ber in a rotor or drum shape to be delivered by rotation 
of the rotor or the drum. In a preferred example in which 
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the reactor body is combined with the delivery-assisting 
member, the thin plate-shaped reactor body made ot a 
heat-conductive material is fitted and fixed into a recess 
or an opening formed on the delivery-assisting member 
in a plate, rotor, or drum shape. Naturally, a member 
may be employed or an operation may be conducted for 
fixing the reactor. 

The heat-conductive material suitable for construct- 
ing the reactor in the present invention includes the ma- 
terials which have a sufficient thermal conductivity for 
bringing the reaction chamber quickly to an intended 
temperature level, preferably having a thermal conduc- 
tivity of not lower than 20 kcal/nrvh.°C such as metallic 
materials like the aforementioned aluminum. On the oth- 
er hand, the poor heat-conductive material (heat-insu- 
lating material) for constructing the delivery -assisting 
member, provided as desired, includes the materials 
which have a sufficiently low thermal conductivity for 
maintaining the temperature of the reactor body, prefer- 
ably having a thermal conductivity of not higher than 0.5 
kcal/m-h-°C such as plastic materials like the aforemen- 
tioned polycarbonate. 

The reactor body may be formed into any suitable 
shape as desired, such as a rectangular plate, a circular 
plate, a flat plate, and a curved plate to be fitted to a 
drum surface. The size of the reactor is not limited. Gen- 
erally, the thickness ranges preferably from 0.2 to 3 mm, 
more preferably from 0.2 to 2 mm for rapid temperature 
change of the reaction liquid and uniform temperature 
distribution therein. When the reactor is in a rectangular 
plate shape, the width ranges preferably from 20 to 40 
mm, and the length ranges preferably from 50 to 100 



The reaction chamber in the reactor body is formed 
as a cavity in the thickness of the plate. Generally the 
chamber is a bottomed hole having an opening on the 
one face of the thin plate, or a through hole piercing the 
plate for ease of working of the reactor. The opening or 
openings are sealed liquid-tight against the outside air 
with a sealing sheet. The opening is generally in a shape 
of a circle of a diameter ranging from 1 0 to 20 mm, pref- 
erably from 14 to 18 mm, but is not limited thereto. The 
reaction chamber may be provided singly or in plurality 
separately in one reactor. The volume of the chamber 
is about 0.1 mL, preferably in the range of from 0.01 to 
0.2 mL for rapid temperature change. 

The sealing sheet for sealing the opening of the re- 
action chamber may be made of any material which has 
sufficient resistance to heat, chemicals, and so forth, 
and does not cause deformation of the sheet or elution 
of an impurity therefrom. In particular, for optical meas- 
urement of the results of the reaction, preferably em- 
ployed is a sheet transparent or at least transparent at 
the measurement wave length of a material such as an 
acrylic resin, polyethylene, and a vinyl chloride resin. 
The sheet may be a flexible film or a rigid plate. 

The reactor body preferably has a hole for filling the 
reaction liquid. In particular, the filling hole has a struc- 



ture to ensure the sealing after filling of the reaction liq- 
uid. Examples of the suitable structure of the filling hole 
include a filling pathway at the side face of the reactor 
body and heat-sealable after filling of the liquid; a seal- 
5 able one-way valve allowing liquid filling only; and a rub- 
ber plug for filling the liquid by an injection needle and 
capable of restoring the liquid-tight state after removing 
the needle. 

The reaction chamber is formed in a heat-transfer- 
10 ring area of the reactor body in order to bring the reaction 
chamber into direct contact with a fixed temperature- 
controlling surface. The portion to be contacted with the 
fixed temperature-controlling surface may be at the 
chamber opening side or at the side having no chamber 
is opening of the reactor body. The heat-transferring area 
may be provided on one face of the reactor body or may 
be provided on both faces of the reactor body in order 
to be contacted with the fixed temperature-controlling 
surfaces provided in a pair on both sides of a delivery 
20 path. The heat-transferring area is designed to be suf- 
ficient to transfer rapidly the heat between the fixed tem- 
perature-controlling surface and the entire reactor body. 
The size of the heat-transferring area to be contacted 
with the fixed temperature-controlling source is not spe- 
25 cially limited. Usually one entire face of the reactor body, 
or a limited area around the reaction chamber is brought 
into face-to-face contact with the fixed temperature-con- 
trolling surface. 

The feature of the thermal cycling reaction appara- 
30 tus of the present invention is described below. The ther- 
mal cycling reaction apparatus comprises a reactor 
body constituted of a thin plate of heat-conductive ma- 
terial having a cavity with at least one opening sealed 
by a sealing sheet on a surface of the reactor, or the 
35 reactor body supported by delivery-assisting member; 
a delivery path for guiding the reactor, plural tempera- 
ture-controlling blocks placed apart from each other so 
as not to cause thermal interaction along the delivery 
path and having respectively a fixed temperature-con- 
40 trolling surface of a prescribed area to be brought into 
contact with the reactor; a temperature-controlling 
means for maintaining the temperature-controlling sur- 
faces of the temperature-controlling blocks at respec- 
tively prescribed temperatures; and a driving means for 
45 delivering and stopping the reactor to come into contact 
with each of the fixed temperature-controlling surfaces 
of the temperature-controlling blocks in a predetermined 
order repeatedly 

As an additional feature, the thermal cycling reac- 
50 tion apparatus of the present invention may further com- 
prise an optical detecting means for detecting optically 
the change in the reaction chamber, such as a degree 
of progress of the reaction, through the aforementioned 
transparent sealing sheet by stopping the reactor at a 
55 position other than the temperature-controlling block po- 
sitions. With this constitution, the optical detecting 
means enables monitoring of the progress of the reac- 
tion with lapse of time, or measuring optically the state 
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of the reaction mixture after the end of the reaction. 

The optical detecting means for detecting optically 
the change in the reaction liquid includes known con- 
ventional optical means such as the one which introduc- 
es light reflected by a half mirror into the reaction cham- 
ber and observes the light reflected from the chamber 
through the half mirror visually, or by a light-receiving 
means like an optical sensor, or an image pick-up 
means such as a video camera, but is not limited there- 
to. 

The delivery path for guiding the movement of the 
reactor in the apparatus of the above constitution is typ- 
ically a linear path for carrying the reactor linearly in a 
reciprocating manner by employing a device such as a 
guide rail, and a guide roller. Otherwise, the delivery 
path may be a circular or arc-shaped path for rotating 
the reactor around an axis by using a rotor type or a 
drum type of delivery-assisting member. 

The fixed temperature-controlling surface of the 
above apparatus is formed as a surface of the temper- 
ature-controlling block so as to come into contact with 
the heat-transferring area provided on the one or both 
faces of the reactor. The temperature-controlling sur- 
face is not limited in its shape, and may be planar, 
curved, rugged, or in any other shape, provided that the 
surface is capable of coming into close contact with the 
heat-transferring area. The material for the tempera- 
ture-controlling block includes metals, plastics, rubbers, 
ceramics, and the like, and is not specially limited. How- 
ever, the material and the structure are preferred which 
has sufficient heat capacity so as to avoid large temper- 
ature change by heat exchange on contact with the re- 
actor. The fixed temperature-controlling surfaces are 
separated so as notto interact thermally with each other. 
For this purpose, the distance between the surfaces 
may be kept larger, or a heat-insulating plate may be 
provided between the temperature-controlling blocks. 
For ensuring close contact between the fixed tempera- 
ture-controlling surface of the temperature-controlling 
block and the reactor, and for ensuring smooth delivery 
of the reactor, a certain gap is preferably provided be- 
tween the reactor, and the fixed temperature-controlling 
surface during delivering the reactor, and the reactor is 
pushed against the fixed temperature-controlling sur- 
face at the time of stopping by a pressing means such 
as a cylinder mechanism. The temperature-controlling 
blocks are placed on one side of the delivery path in the 
case where the reactor is brought into contact with them 
on one face, or are placed in pairs on both sides of the 
delivery path in the case where the reactor is brought 
into contact with them on both faces. 

The temperature-controlling means may be of any 
type of electric heating, circulation of a heating liquid 
medium, and the like. Of these, the electric heating is 
preferred in simplicity and for miniaturization of the ap- 
paratus. The temperature control may be conducted to 
maintain an intended constant temperature by use of a 
sensor like a thermal sensor by on-off control of the 



heating source. 

The driving means for delivering the reactor may be 
constructed, for example, from combination of devices 
comprising a delivering device such as a roller for deliv- 

s ery of the reactor along the delivery path provided by 
the guiding device; a driving device for driving the deliv- 
ering device such as a roller for driving and stopping it 
to deliver and stop the reactor at the prescribed posi- 
tions; and a drive-controlling device for controlling the 

10 drive according to a sequence program or the like fol- 
lowing a prescribed steps. The thermal cycling reaction 
can be automated and mechanized by employing an 
MPU (microprocessor unit) for the drive-controlling 
means. 

is The thermal cycling reaction apparatus of the 
present invention, as described above, is useful for PCR 
or the like reactions. Specifically, the first, second, and 
third fixed temperature-controlling surfaces are provid- 
ed. The first temperature-controlling surface is kept at a 

20 dissociation temperature (or denaturation temperature) 
of a DNA having a target DNA sequence to dissociate 
the double-stranded DNA into a single-stranded DNA. 
The second temperature-controlling surface is kept at 
an annealing temperature for the single-stranded DNA 

25 to anneal thereto a normal-directional primer and a re- 
verse-directional primer. The third temperature-control- 
ling surface is kept at a temperature for complementary 
DNA synthesis to grow sequentially the DNA comple- 
mentary to the single-stranded DNA. The delivering 

30 means is constructed to deliver the reactor intermittently 
to the first, second, and third fixed temperature -control- 
ling surfaces. This cycle of the steps is repeated a 
number of times. Thus the PCR can be readily and sure- 
ly conducted. 

35 The PCR conducted according to the present inven- 
tion is not limited to the above-mentioned type of reac- 
tion. Various modifications of PCR can be conducted 
with the thermal cycling reaction apparatus and reactor 
of the present invention. For example, a two-tempera- 
40 ture PCR, namely a simplified PCR in which the anneal- 
ing of the primers and synthesis by DNA polymerase are 
conducted at the same temperature, and denaturation 
is conducted at a higher temperature, can be conducted 
by arranging temperature-controlling blocks corre- 
45 sponding to the respective temperatures with the appa- 
ratus and the reactor of the present invention. 

Thermal cycling reactions other than the PCR, for 
example the enzymatic cycling reaction mentioned be- 
fore (Japanese Patent Publication 62-12986), can be 
50 conducted with the reactor and the thermal cycling re- 
action apparatus of the present invention. 

According to the present invention, the reaction liq- 
uid sealed in the reaction chamber formed in the thick- 
ness of a thin plate is brought into contact successively 
55 with the surfaces of plural temperature-controlling 
blocks kept at prescribed temperatures, and by this con- 
tact, the temperature of the reaction liquid is controlled 
precisely by the fixed surfaces of the temperature-con- 
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trolling blocks. 

The typical thermal cycling reactbn apparatus for 
PCR is explained below by reference to the drawings. 

Figs. 1 A to 1 C show schematically the reactor of the 
present invention used for a thermal cycling reaction. 

Fig. 1 A is a plan view, Fig. 1 B is a sectional view of 
the reactor taken along line A-A in Fig. 1 A, and Fig. 1C 
is an enlarged sectional view of the portion B in Fig. 1 B. 

In the drawings, the reactor! comprises a delivery- 
assisting member 2 made of a heat-insulating acrylic 
resin in a shape of a rectangular plate, and a reactor 
body 3 made of heat-conductive aluminum in a shape 
of a rectangular plate and is fitted to a through hole 201 
of the delivery-assisting member 2. The planar rectan- 
gular through hole 201 is formed at a position deviating 
in a length direction (lateral in Fig. 1) from the center of 
the member (rightward in Fig. 1 ), where the reactor body 
3 is fitted. The reactor body 3, in this example, has three 
independent reaction chambers 301 in a shape of bot- 
tomed (flat bottomed) round recess (empty space). The 
one face of the reactor body 3 is covered entirely with a 
sealing sheet 302 made of a transparent heat-resistant 
polyethylene to seal the reaction chambers 301 . In this 
example, the delivery-assisting member 2 of the reactor 
! is 130 mm in length, 85 mm in width, and 1.5 mm in 
thickness; the reactor body 3 is 25 mm in length, 70 mm 
in width, and 1,5 mm in thickness; and the reaction 
chamber 302 is 8 mm in radius, and 1 mm in depth, and 
a small volume of 0.2 mL 

In this example, the reaction liquid is filled into the 
reaction chambers 302 of the thin plate reactor!, and 
then the sealing sheet 302 is placed thereon, and heat- 
sealed to enclose the reaction liquid. 

Figs. 2 to 4 illustrates schematically an example of 
a thermal cycling reaction apparatus. On a lateral face 
of a casing 5 in a flat box shape, a slit-shaped gateway 
501 and a gateway guide 502 are provided at a prede- 
termined height for introducing and removing a reactor. 
Near the inside wall opposite to the gateway guide 502, 
a leading guide 503 is provided at the same height as 
the gateway guide 502. Between the gateway guide 502 
and the leading guide 503, a driving roller 504, and driv- 
en rollers 505, 506, are placed at prescribed intervals. 
As can be seen in Figure 4 the rollers 504, 505, 506 are 
allowed to rotate by pulleys 5041, 5051, 5061 provided 
at respective ends of the axes of the rollers, and belts 
507, 508 put on the pulleys synchronously driven by a 
motor 509. The internal space is ventilated with a fan 
510. 

Four stopping positions 410, 420, 430 and 440 (see 
Figure 5) are set along the delivery direction of the hor- 
izontal linear delivery path defined by the three rollers 
504, 505, 506, the gateway guide 502, and the leading 
guide 503. In this example, successively from the right 
in Fig. 2, are placed a first temperaturecontrolling block 

6 (position 410), a second temperature-controlling block 

7 (position 420), and an open third stopping position 430 
between blocks 7, and a third temperature-controlling 



block 8. The blocks 6, 7 and 8 are located at the first, 
second and fourth stopping positions at the upper side 
of the delivery path, and an optical detector is placed 
above the third stopping position to measure the change 

s in the reaction chamber. The temperature-controlling 
blocks 6 to 8 are constituted respectively of an aluminum 
block and an electric heater embedded therein. 

The lower faces of the temperature-controlling 
blocks 6, 7, 8, afford fixed temperature-controlling sur- 

io faces 61 , 71 , 81 which are formed for contact with the 
upper face of the reactor 1 so as to keep the reaction 
liquid at a prescribed temperature in the reaction cham- 
ber 301 of the reactor stopped in contact with the block. 
In order to achieve close contact between the tempe ra- 
ts ture-controlling surface and the reactor, a slight play in 
vertical direction may be given to the temperature-con- 
trolling block, or downward spring force may be applied 
to the temperature-controlling block to press it against 
the reactor, or a vertically directed pressing mechanism 

20 may be provided for either or both them. In this example, 
the temperature-controlling blocks are spaced apart at 
intervals of 10 mm or more to avoid thermal interaction 
between the blocks. 

The temperature of the fixed temperature-control- 

2S ling surface can be controlled at a prescribed level by a 
conventional method. In this example, an electric heater 
is incorporated into the temperature-controlling block, 
and the heater is turned on and off following the temper- 
ature detected by a sensor. 

30 The optical detector 10 provided at the third stop- 
ping position comprises a light source 101 , a half mirror 
102, a lens 103, and a spectrometric filter 104. With this 
optical detector, the degree of the progress of the reac- 
tion in the reaction liquid in the chamber can be moni- 

35 tored visually with lapse of time. 

Fig. 5 is a schematic diagram for explaining an ex- 
ample of operation of the thermal cycling reaction with 
the above-described apparatus. In Fig. 5, for simplicity, 
the reactor body 3 only of the reactor assembly is 

40 shown. 

In this example, the reactor! is brought into face- 
to-face contact with the first temperature-controlling 
block 6 having a fixed temperature-controlling surface 
61 kept at a temperature t 2 (90°C) (Step 1 -position 410 

45 in Fig. 5). Then the reactor! is brought into face-to-face 
contact with the second temperature-controlling block 7 
having a fixed temperature-controlling surface 71 kept 
at a room temperature tj (Step 2-position 420 in Fig. 5). 
Further, the reactor! is brought into face-to-face contact 

so with the third temperature-controlling block 8 having a 
fixed temperature-controlling surface 81 kept at a tem- 
perature t t (60°C) (Step 3-position 440 in Fig. 5). This 
cycle of Steps 1 to 3 is repeated N times. After the com- 
pletion of the N cycles, the reactor! is stopped at the 

55 detection position 430, and the optical detection is con- 
ducted. 

With this reaction apparatus, the reactor! is deliv- 
ered successively to the plural temperature-controlling 
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blocks 6, 7, 8 according to a prescribed sequence pro- 
gram (e.g., for time control) as shown in (a) in Fig. 5. 
Thereby, the temperature of the reaction liquid can read- 
ily be changed to a different temperature state rapidly 
and kept at that temperature for a prescribed time, and 
the temperature of the reaction liquid can be controlled 
stably with high accuracy, advantageously. 

After completion of the reaction cycles, or during the 
reaction cycles if necessary, the progress of the reaction 
can be simply measured optically at the third stopping 
position 430 shown in (b) in Fig. 5. 

The thermal cycling reaction apparatus and the re- 
actor therefor has the following advantages: 

(1) The temperature of the reaction liquid can be 
changed rapidly between plural prescribed temper- 
atures, thereby the time of the repeated cycling re- 
action can be shortened. 

(2) The temperature in the reaction chambers can 
be made uniform as a whole, and variation among 
the samples are made smaller. 

(3) The temperature of the reaction liquid can be 
raised or lowered to a prescribed temperature with- 
out overshooting, whereby the follow-up control can 
be facilitated or omitted, and the reaction liquid can 
readily be controlled to be at a prescribed temper- 
ature for a prescribed time with higher accuracy to 
ensure stable control of the reaction. 

(4) The small reactor holding a small amount of a 
reaction liquid enables miniaturization of the tem- 
perature controller, and miniaturization of the entire 
apparatus. 

(5) In practice of PCR, the preheating can be sub- 
stantially omitted to shorten the reaction time, and 
further preliminary incorporation of an intercalating 
fluorescent substance into the reaction liquid prior 
to PCR allows monitoring of the amplification de- 
gree with the reaction chamber completely sealed. 

The invention extends to a reactor for a thermal cy- 
cling reaction which is delivered, along a delivery path 
having plural and separate temperature-controlling 
blocks fixed thereon and having respectively a fixed 
temperature-controlling surface of a prescribed area at 
a controlled temperature, to contact successively with 
the temperature-controlling blocks in a predetermined 
order repeatedly: said reactor comprising a reactor body 
being in a shape of a thin plate, having a heat-transfer- 
ring area on at least one face of the thin plate to be 
brought into face-to-face contact with the respective 
temperature-controlling surfaces, and having a cavity of 
a small volume as a reaction chamber in the thickness 
of the thin plate having an opening on one face or both 
faces of the thin plate: and a heat-resistant sealing sheet 
for sealing the reaction chamber by covering the open- 
ing of the chamber. 

The sealing sheet is preferably a heat-resistant 
transparent sheet forming a transparent window for op- 



tically detecting a change in the reaction chamber from 
the outside. 

The reactor preferably comprises a delivery-assist- 
ing member composed of a poor heat-conductive mate- 
5 rial, and the reactor body and the delivery-assisting 
member are preferably formed in a thin plate shape in 
entirety. 

The reactor may have a sealable liquid-filling hole 
for filling the reaction liquid into the reaction chamber. 

w The reactor is preferably in a shape of a thin plate 
having a thickness ranging from 0.2 to 3 mm. 

The invention also extends to a thermal cycling ap- 
paratus, comprising a reactor as set out above; a deliv- 
ery path for guiding the reactor; plural temperature-con- 

1$ trolling blocks placed apart from each other so as not to 
cause thermal interaction along the delivery path and 
having respectively a fixed temperature-controlling sur- 
face of a prescribed area to be brought into contact with 
the reactor; a temperature-controlling means for main- 

20 taining the temperature-controlling surfaces of the tem- 
perature-controlling blocks at respectively prescribed 
temperatures; and a driving means for delivery and 
stopping the reactor to come into contact with each of 
the fixed temperature-controlling surfaces of the tem- 

25 perature-controlling blocks in a predetermined order re- 
peatedly. 

A transparent heat-resistant sheet is preferably em- 
ployed for sealing the reactor; a stopping position for the 
reactor is preferably provided separately from the posi- 

30 tions of the temperature-controlling blocks on the deliv- 
ery path; and an optical detecting means is preferably 
provided for detecting optically a change in the sealed 
reactor from the outside through the sealing sheet. 
The plural temperature-controlling blocks are pref- 

35 erably placed separately along the delivery path in a 
line. 

In a preferred form of the invention the thermal cy- 
cling reaction apparatus is for use for PCR, wherein first 
to third temperature-controlling blocks are provided, the 

40 first temperature-controlling block has a fixed first tem- 
perature-controlling surface kept at a dissociation tem- 
perature (or a denaturation temperature) for a DN A hav- 
ing a target DNA sequence to dissociate the double- 
stranded DNA into a single-stranded DNA, the second 

45 temperature-controlling block has a fixed second tem- 
perature-controlling surface kept at an annealing tem- 
perature for the single-stranded DNA to anneal thereto 
a normal-directional primer and a reverse-directional 
primer, and the third temperature-controlling block has 

50 a fixed third temperature-controlling surface kept at a 
temperature for complementary DNA synthesis to grow 
sequentially the DNA complementary to the single- 
stranded DNA; and the delivery means is constructed 
so as to deliver the reactor intermittently to the first, sec- 

55 ond and third fixed temperature-controlling surfaces, 
and repeats this cycle a number of times. 
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Claims 

1. Apparatus for carrying out a thermal cycling reac- 
tion comprising a reactor having a reactor body in 
the form of a thin plate affording a heat transferring 5 
area on at least one face thereof, the reactor body 
defining at least one cavity in the thickness of the 
plate which cavity affords a reaction chamber which 
has an opening in one or both faces of the thin plate 
and heat resistant sealing means for sealing the U 
said opening, means defining a delivery path for the 
reactor, a plurality of temperature controlling means 
spaced apart along the delivery path, means for 
moving the reactor along the delivery path and into 
heat exchange relationship with the said tempera- « 
ture controlling means in turn, and means for con- 
trolling the temperature of the said temperature 
controlling means. 

2. Apparatus as claimed in claim 1 characterised in a 
that the sealing means for the reactor comprise a 
transparent heat resistant sheet and optical means 
are provided for observing the contents of the reac- 
tion chamber. 

2 

3. Apparatus as claimed in claim 1 or claim 2 charac- 
terised in that the temperature controlling means 
are blocks and the reactor is brought into heat con- 
ductive contact therewith. 

4. Apparatus as claimed in claim 1 , 2 or 3 character- 
ised in that the reactor body is supported in a thin 
delivery assisting member composed of material of 
poor thermal conductivity, so that the reactor body 
and delivery assisting member are in the form of a - 
thin plate. 

5. Apparatus as claimed in claim 1 , 2, 3 or 4 charac- 
terised in that the thin plate has a thickness of 0.2 
to 3 mm. 



respective temperature-controlling surfaces, and 
having a cavity of a small volume as a reaction 
chamber in the thickness of the thin plate having an 
opening on one face or both faces of the thin plate; 
and a heat-resistant sealing sheet for sealing the 
reaction chamber by covering the opening of the 
chamber. 

9. A method for carrying out a PCR reaction charac- 
terised in that first, second and third temperature- 
controlling surfaces are provided, the first temper- 
ature-controlling surface is kept at a dissociation 
temperature (or denaturation temperature) for a 
DNA having a target DNA sequence to dissociate 
the double-stranded DNA into a single-stranded 
DNA, the second temperature-controlling surface is 
kept at an annealing temperature for the single- 
stranded DNA to anneal thereto a normal-direction- 
al primer and a reverse-directional primer, and the 
third temperature-controlling surface is kept at a 
temperature for complementary DNA synthesis to 
grow sequentially the DNA complementary to the 
single-stranded DNA; and delivering a reactor plate 
having a cavity containing the PCR reaction mixture 
into contact with the first, second, and third temper- 
ature-controlling surfaces intermittently, and re- 
peating this cycle a number of times. 



6. Apparatus as claimed in any one of claims 1 to 5 
characterised in that the reactor has a sealable hole 
for introducing liquid into the reaction chamber. 

7. A reactor as claimed in any one of claims 1 to 6. 

8. A reactor for a thermal cycling reaction which is de- 
livered, along a delivery path having plural and sep- 
arate temperature-controlling blocks fixed thereon 
and having respectively a fixed temperature-con- 
trolling surface of a prescribed area at a controlled 
temperature, to contact successively with the tem- 
perature-controlling blocks in a predetermined or- 
der repeatedly: said reactor comprising a reactor 
body being in a shape of a thin plate, having a heat- 
transferring area on at least one face of the thin 
plate to be brought into face-to-face contact with the 
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